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Research was carried out on an electro-optical bound document scanner
which used a general purpose F-8 microcomputer as the scanner
controller. The goal was to replace the F-8 with a dedicated
controller by replicating essential features of the system which
provided the scanner/controller interface. A microprocessor-based
configuration was considered to be the most promising approach, A
detailed analysis of the existing hardware and software interface
between the F-8 and the scanner was conducted to establish the
feasibility of using a microprocessor and to develop controller design
criteria, Features of a number of microprocessors were examined and
compared against one another to determine the best architecture for
this application.

A microprocessor-based controller was designed using the MOSTEK
MK38P70 microprocessor. Integral to the design were two Intel 8255A
Programmable Peripheral Interface (PPI) chips which allowed the four
8-bit I/0 ports of the MK38P70 to perform all the functions previously
handled by nine F-8 1/0 ports, A 2Kx8-bit EPROM holds the control
program MEOSC, MEOSC 18 a modified version of the F-8 controller
program, EOPS2, The F-8 was able to be used as a versatile system .
development and debug tool for the dedicated controller since the e

MK38P70 uses F-8 assembly language. A threshold monitor and adjust e
circuit was developed in conjunction with the controller in order to A
provide the operator a means to control the black-to-white transitions e

of CCD pixel data derived from the scanner. i

System performance using the controller has been excellent., Printer

and CRT copies of scanned documents obtained from the system using the :izf
MK38P70 controller are indistinguishable from those obtained using the ;{::
F-8 controller under similar conditions. All control functions have T

been consolidated onto the scanner front panel., A significant
reduction of system space requirements has been achieved, and the F-8
has been released for more general purpose work.
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ABSTRACT

" Research was carried out on an electro-optical bound document scanner
which used a general purpose F-8 microcomputer as the scanner
* controller, The goal was to replace the F=-8 with a dedicated
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controller by replicating essential features of the system which
provided the scanner/controller interface. A microprocessor-based
configuration was considered to be the most promising approach. A
detailed analysis of the existing hardware and software interface
between the F-8 and the scanner was conducted to establish the
feasibility of using a microprocessor and to develop controller design
criteria., Features of a number of microprocessors were examined and
compared against one another to determine the best architecture for
this application.

Ty

A microprocessor-based controller was designed using the MOSTEK
MK38P70 microprocessor. Integral to the design were two Intel 8255A
Programmable Peripheral Interface (PPI) chips which allowed the four
8-bit I/0 ports of the MK38P70 to perform all the functions previously
handled by nine F-8 1/0 ports. A 2Kx8-bit EPROM holds the control
program MEOSC, MEOSC is a modified version of the F=8 controller
program, EOPS2, The F-~8 was able to be used as a versatile system
development and debug tool for the dedicated controller since the
MK38P70 uses F-8 assembly language. A threshold monitor and adjust
circuit was developed in conjunction with the controller in order to
provide the operator a means to control the black-to-white transitions
of CCD pixel data derived from the scanner.

System performance using the controller has been excellent. Printer
and CRT copies of scanned documents obtained from the system using the
MK38P70 controller are indistinguishable from those obtained using the
F-8 controller under similar conditions, All control functions have
been consolidated onto the scanner front panel. A significant
reduction of system space requirements has been achieved, and the F-8
has been released for more general purpose work.
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CHAPTER 1

INTRODUCTION

A. PROBLEM STATEMENT

The bound document scanner project currently underway within
the Laboratory for Information and Decision Systems uses a Fairchild
F-8 Formulator Mark III programmable microcomputer as the controller
for the scanner/printer system. The goal of this research is to
develop an achievable architecture for a dedicated stand-alone
controller and to evaluate system performance using this controller.
The approach that was taken in pursuing this goal was to replicate
essential features of the F-8 controller, including the hardware
interface and control software, in a dedicated real-time controller
consisting of a microprocessor and auxiliary circuitry.
B. SUMMARY OF THE RESEARCH GOAL

The scope of the research was constrained so that the general

architecture of the existing scanner system could be retained. The

!
|
)
’-
't
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control element of the system only was to be redesigned, using as

simple an implementation as possible while conforming with system ;:5'713*
parameters. The system was to be transparent to the new controller in

that the scanner had to continue to produce the same quality copy as

obtained with the F-8 controller. A microprocessor based configuration F*‘

was considered as the most promising approach toward realizing a

dedicated controller. Design criteria for a microprocessor controller

were drawn up after reviewing functional requirements. Essential

features were delineated to ensure that the controller would at least
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(1) properly interface to the scanner system, (2) be able to be

removed from and replaced into the system in a modular manner to
support further scanner research, (3) handle all control processes at
least as quickly as the F=8 controller, (4) be able to use an EPROM
memory to hold the control program, and (5) respond to operator
control, Some additional features which were considered desirable, but
not essential, included: (1) low component count and low cost, (2)
provision for more than minimum operator control of scanning, and (3)
an architecture compatible with ongoing efforts to 1incorporate data
compression into the scanner system. Initially, the abilty of a
microprocessor to meet these requirements was uncertain. Hence, a
detailed analysis of the role of the existing controller and a
comparative analysis of available microprocessors was necessary.
C. BACKGROUND

The bound document scanner ©project seeks to improve
interlibrary resource sharing through use of a solid state, near
real-time, facsimile facility. Requests for materials not available at
one library but on hand at another are currently £filled by
lending-borrowing arrangements involving physical movement of
documents or photocoples from one library to the other, An electronic
delivery system would decrease handling times for material transfer
from days or weeks to the order of hours or less; but to be viable,
the gystem must be economically attractive. Current digital facsimile
systems cannot copy pages from bound volumes or are prohibitively
costly for libraries. The bound document scanner under development
attempts to meet the requirements for a relatively economic, document

friendly, electronic delivery system. Figure 1.1 outlines the basic
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elements of the scanner system, The controller consists of the F-8
Formulator with floppy disk and video console. The controller

interfaces with the scanner hardware via eight I/0 ports. Images from

e = O

the scanned page are focused onto the CCD which converts the image

into 2048 pixels. After the pixel data are processed by the scanner

hardware, they are sent to the display logic and coverted into an

image on the CRT or printer,

The salient features of the scanner have been documented in

several theses (see bibliography). The key component that is relevant

to this research is the F-8 microcomputer. It is now being used as the

system controller and has also been used as a development tool for the

bound document scanner system. The F-8 Mark III Formulator consisting

of a CPU Board, Console with Console Control and Console Memory

Boards, a 4K PSU (F-8 ROM) Board, four 4K RAM Boards, a Parallel

Interface Becard, and a Quad I1/0 Board (Figure l.2b) was expanded into

a versatile software development station by Medley (6). By adding more

1/0 ports and communications interface to the F-8, he enabled addition

of a Zenith-19 video terminal, modem access, and utilization of dual 8

Tr e e 8y
V) [

" a

inch floppy disk drives and a teletype terminal (Figure 1.2a). This

IR

configuration allows for rapid writing and execution of F-8 programs,

such as the scanner control program, "EOPS2" (Electro-Optical Scanner

Version 2), Flexible program analysis is possible using the debug

capability of the F-8, Once program modules are written and debugged,

they can be assembled and linked into executable programs, Programs

can then be stored on disk and loaded into RAM for execution. The Disk

Operating System, Version 4 (DOS4) is bootstrapped into the F-8 before

commands or programs can be loaded and executed.
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Following 1is a brief description of how the scanner system

operates, To initiate scanning, EOPS2 is loaded after DOS4 1s running,
Scanning begins by pushing a start button. EOPS2 automatically starts
the scanner motor, flourescent lights, and printer pumps or CRT screen
erase. EOPS2 then starts the scanner moving horizontally across the
page, sets the CCD pixel data threshold voltage level, and sends the
CCD pixel signals to the printer or CRT for local copy. After a page
scan EOPS2 reinitializes all devices,

D. RESEARCH PLAN

Thesis research comprising development of the dedicated
controller included the following tasks:

l. A thorough anlaysis of the interface between the scanner
hardware and EOPS2 software was conducted to identify the existing
control sequence,

2. The general requirements for controller design were
identified and reviewed with respect to the general capabilities of
microprocessors.

3. A number of microprocessors were examined to compare
features relevant to the controller application.

4. The most consuming task consisted of the design and
implementation of the controller circuit, This included necessary
hardware modifications and interface specifications for the scanner;
software modifications to EOPS2; phased testing of the interface
hardware and software; and test and evaluation of the final
controller,

The important aspects of control interface, controller design,

softvare modifications, and operating instructions are documented in
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this report.
E. SUMMARY OF RESULTS

A microprocessor based controller was designed and implemented
using the MOSTEK MK38P70 microprocessor. The controller meets all
design criteria and has an architecture superior to other possible
configurations for this application in that it has a simple memory
interface, low chip count, and uses F-8 assembly language. Two support
chips, Intel 8255A Progammble Peripheral Interfaces (PPIs), provide a
simple yet effective interface between the MK38P70 and the scanner, A
2Kkx8 bit Erasable Programmable Read-Only-Memory (EPROM) holds the
controller program MEOSC (Microprocessor Electro-Optical Scanner
Control) which is a modified version of EOPS2, The controller circuit
was incorporated into existing scanner hardware along with a threshold
monitor and adjust circuit which permits precise control of CCD pixel
data thresholding.

System performance using the MK38P70 controller has been
excellent. The scanner continues to provide quality hard (printer) and
soft (CRT) copy with the new controller., The scanner system is much
more streamlined with the dedicated controller in place, and the F-8
Formulator has been released for more general purpose work,

F. OVERVIEW OF FOLLOWING CHAPTERS

Chapter 2 presents the F-8/scanner control interface analysis.
This 1information is needed for implementation of the control function
and is used to develop controller requirements and the scanner
interface. Chapter 3 discusses the relative merits of the
microprocessors considered for the controller and the basis for a

final choice among them. A practical design is presented in Chapter 43
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Results, conclusions and recoummendations for

it 1includes necessary hardware, software, and scanner modifications.
Chapter 5 is devoted to a discussion of the testing and evaluation of

further research are included in Chapter 6.

controller performance.




CHAPTER 2

SCANNER/F-8 INTERFACE ANALYSIS

A, INTRODUCTION

The primary goal of the research is to replicate the functions
of the current F-8 controller in a stand-alone dedicated
microprocessor; it is not the intention of the project to overhaul the
software and over-all system design. As a means of understanding the
requirements for the dedicated microprocessor controller, there 1is
presented in this chapter a detailed analysis of the hardware and
software features incorporated into the current F-8/scanner/display
system,

The bound document scanner is controlled by the interfacgs
between 1logic hardware that is part of the scanner and display
circuitry, and F-8 program instructions, EOPS2. Eight F-8 input/output
(1/0) ports and one front panel port (internal to the F-8) provide the
logical and physical connections between the F-8 Central Processing
Unit (CPU) and the scanner and display hardware. The analysis to
follow focuses on the interplay between hardware and software as they
relate to scanner control rather than on a detailed explanation of
each logic component or program instruction. Included is a functional
description of the control scheme for the F-8/scanner/display system.

A number of conventions will be used in the descriptions of
circuit and software operation. A signal which is active when driven
to a low voltage level (-0.3 to 0.8 volts d.c.), that is, "LO", will

be designated in capital letters with an overbar across the top of the

15




designation, For example, SEND is a low going pulse generated by the
F-8 which enables data transmission between the scanner and the
display logic. A signal which 1s normally active when at a high
voltage level (2.4 to 5.8 volts d.c.), that is, "HI", will simply be
designated in capital letters. Occasionally, program subroutines will
also be referred to in mnemonic form, also in capital letters; for
example FSTLN is an EOPS2 subroutine which returns after detecting the
first 1line of wvalid CCD data. The F-8 uses inverted logic, that is,
logic O is HI and logic 1 is LO. For convenience, reference 1is often
made to data in hexadecimal notation, or HEX. The first character in
the HEX notation corresponds to the four most significant bits of an
8-bit data word (bits 7,6,5, and 4); the second character corresponds
to the four least significant bits (bits 3,2,1, and 0).
B. SOFTWARE DESCRIPTION

As previously explained, the F-8 scanner control program is
named EOPS2 (Electro-Optical Scanner Program, Version 2). EOPS2 uses
three F-8 I/0 ports as input ports (Ports 4, 10, and 11), five F-8 1/0
ports as output ports (Ports 5, 8, 9, 12, and 13), and one port
normally internal to the F-8 (Port 0). EOPS2 has two main functions:
(1) Finding and setting an optimum threshold level for digitizing CCD
pixel data, and (2) generating commands for control of the local
printer and CRT and ensuring proper transmittal of commands and CCD
data over the coaxial cable connecting the scanner to the display
logic., Detailed flow charts of the EOPS2 functions are contained in
Appendix A and a complete program listing can be found in Stanton's
thesis (10). This chapter focuses on the salient features of EOPS2; a

summary flowchart is included for reference (Figure 2.1). The general
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sequence of events is as follows:

1, Once EOPS2 has been 1loaded into memory by the user,
program execution begins. All logic on the scanner and display logic
circuitry is then initialized or reset. The program next goes imto a
"wait loop" until the operator positions a document on the scanner and

pushes the start button on the scanner control panel., A corresponding

START signal is detected wvia input Port 4, which then allows the

program to leave the wait loop.

2. EOPS2 polls two sense switches located on the front panel
of the F~8 which are tied to Port 0., The "Return to DO0S4 {Disk
Operating System)/Normal" switch, tied to bit 4 of Port 0O, must be
down (logic 0) for EOPS2 to continue; otherwise, EOPS2 execution is
aborted. The "Hard/Soft Copy" switch, tied to bit 7, selects the
printer or CRT as the destination of scanner copy. The chosen display
is then initialized by the XMITS subroutine.

3. A start-up delay loop allows the scanner flourescent
lights to preheat, and the phase-~lock-loop-controlled motor's speed
to stabilize, CCD pixel data is ignored wuntil the subroutine FSTLN
returns a signal called fiiﬁfffﬁg, which indicates the detection of
images from the scanned document.The presence of Eiiﬁiifﬁi is detected
by input Port 4,

4, The "Automatic/Freeze Threshold” switch on the front panel
of the F-8 (bit 6 of Port 0) is polled, and an automatic thresholding
algorithm, subroutine QSET2, is either executed or skipped. QSET2
samples a calibration pattern superimposed over the left margin of the
document page. This calibration pattern allows QSET2 to establish the

maximum black-to-white pixel transition count observed during the
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first 28 scan lines, This maximum transition count sets an optimum

level for digitizing CCD pixels into either zeroes or ones,

A

corresponding to white or black. In general, the maximum count is
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obtained by comparing the transition count for the current line to

A
o

that of the preceding 1l1line; the larger count is retained for

comparison with the count obtained on the next scan. The transition
count is detected by counters on the Video Thresholding Circuit (VTC)
board and passed to the F-8 by Ports 10 and 11, The final maximum
count is converted to a voltage 1level corresponding to a voltage
threshold setting on the VIC board. QSET2 concludes after this level
has been found by the F~8 and the setting has been passed to the VTC
board by Ports 12 and 13. Ten signal lines are needed, eight from Port
12 and two from Port 13, to send the voltage threshold setting from
the F-8 to the VIC board; the state of these lines (HI or LO)
corresponds to three HEX characters. During this time, the HEX
notation 1s converted to AASCI code for transmission to the Zenith
console. The console displays a message denoting the curremnt threshold
level, While QSET2 is executing, no data are sent to the displays.

5. Once the optimum threshold has been locked in, either as a
result of QSET2 or the previous threshold value (FREEZE), line
counters are initialized to begin counting down 1700 1lines of CCD
data. This count corresponds to a page width of 8.5 inches (200 lines
per inch). The printer or CRT displays each scan line of digitized CCD
data 1in real time after the data on each of the 2048 pixel elements

has been transferred out of the device. Display-control commands and

digitized CCD data are transmitted over coaxial cable by I/0 Board &

to the display logic. Output Port 5 is connected to I/0 Board 4 and
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controls the switching of CCD data and commands over the coaxial
cable. Display-control commands are presented to 1/0 Board 5 by Output
Ports 8 and 9 which are activated by the subroutine XMITS. Display
commands consist of a device address and command (such as Hard Left
Margin Justify) which are converted into a serial format by 1/0 Board
5 for transmission. Appropriate commands enable and increment the
displays after each line of CCD data is received by the display logic.
The subroutine ENDLN senses the end of a CCD line via Input Port 4 in
order to initiate command generation.

6. After the 1700 lines comprising a page have been counted
down and printed, EOPS2 checks the "Normal/Infinite Lines" switch (bit
5 of Port 0). If normal operation is selected, the printer is shut off
and the F-8 software resets to await another push of the start button,
The scanner carriage mechanically returns to its starting position at
the left side of the document. The choice of infinite lines allows a
constant stream of CCD data and increment display commands to be sent
to the displays while the scanner carriage is held stationary in order
to make tests and adjustments.

There are several timing critical features of EOPS2 which
merit highlighting:

1. Delay 1loops are needed for start-up of the scanner
flourescent lights and motor and for printer/CRT start up. The
approximately 1.5 seconds allocated is adequate to initialize all
devices.

2. The subroutine QSET2 must read the black-to-white
transition count in a CCD line and write a current threshold level to

the VIC Board within a 900-microsecond idle time between CCD 1lines.
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Figure 2.2 shows that during a clockout period, the CCD pixels produce
an analog waveform which takes up only about 2.6 milliseconds of the
3.5 millisecond period. QSET2 currently uses about 300 microseconds to
perform thresholding between each of the first 28 scan lines.

3. Display commands must also be generated, transmitted, and
received by the display logic during the 900~microsecond idle time
between CCD 1lines. An 18-microsecond delay has been allocated as a
buffer after transmittal of commands in order to give the display
logic, printer and CRT time to process and respond to the command,
Approximately 400 microseconds are used between lines for soft copy
(CRT) and approximately 600 microseconds are wused for hard copy
(printer) in processing commands.

4, Analog CCD data is valid for approximately 2.6
milliseconds, as shown in Figure 2.2. The signal PRINTLINE is detected
by subroutines FSTLN and ENDLN to correspond to the period when CCD
pixel data are present. Proper timing of the PRINTLINE signal 1is
crucial since it 1is this signal which is gensed by Port 4 which, in
turn, triggers alternation of CCD and command data over the
transmission line.

The point to be emphasized about timing is that any program
modifications must be executable during the 900-microsecond idle time
between CCD lines, Modifications must allow for equipment delays where
appropriate and they must fit into the page scan time of approximately
6 seconds,

C. HARDWARE DESCRIPTION
The hardware interface between the scanner and the F-8 |is

contained on three circuit boards located on the scanner. These are
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Fig. 2.2 Analog Representation of CCD Output
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named 1/0 Board 4, 1/0 Board 5, and the VIC (Video Thresholding
Circuit) Board. Block diagrams of these boards are shown in Figures
2.3, 2.4, and 2,5, respectively. This section briefly describes the
functions of these boards as they relate to scanner control.

1. I/O Board 4 is the transmission 1line driver and CCD
interface board. Its function 1s to send CCD line data and display

commands over the coaxial cable to the display logic, and to sense the

signals START and PRINTLINE. At any given time, the board will perform
only one of three functions; these functions are initiated by the F=8
over Port 5 (Output). The three most significant bits of Port 5 are
connected to a 3-to-8 decoder on the board. A HEX value sent by the
F-8 pulls one or more of the three lines LO (logic 1) in order to
select one of the output lines of the decoder for enabling the chosen
function. Only 3 of the 8 output lines of the 3-to-8 decoder are
required by the current scanner; the remainder of the 8 1lines were
used in a previous application. The HEX values sent by the F-8 are:

a. H'00': Enable Command Transmit (ENCMD). This value

opens the transmission line to display commands. Display commands are
generated by I/0 Board 5. They are coupled to the coaxial cable by
line drivers on 1/0 Board 4.

b. H'20': Enable CCD Transmit (ENCCD). This value

closes the transmission line to display commands and allows the
digitized CCD line data to be transmitted,

c. H'40': Enable Port 4 Sensing (ENSENS). This wvalue

allows F-8 Port 4 to poll I/0 Board 4 for the presence of START and
PRINTLINE. The four least significant bits of Port 4 are connected to

NAND gates on 1/0 Board 4 which are enabled while ENSENS is active.
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Only two of the four input lines to these gates are used in the
scanner application. PRINTLINE is tied to the gate connected to bit 0

of Port 4; START is tied to the gate connected to bit 1 of Port 4.

Note that I1I/0 Board 4 is relatively simple; it contains only the
3~to-8 decoder, line driver, AND gates and inverters as its major
components., A number of additional gates and inverters are contained
on the board but they are not required for the present scanner
configuration.

2. 1/0 Board 5 is the synchronization/display address/display
command generation board. Its sole purpose is to generate control
characters in the proper sequence for display control. The
synchronization pulse, display address, and display command are
combined into a serial bit stream. Port 8 (Output) first places the
display address from the F-8 onto input pins of the address latches,
Port 9 sends a "Load Address” signal (LDADDR = H'08'), which is tied
to the address 1latches, in order to 1load the address into the
latches. Port 8 next presents an appropriate display command to the
inputs of the command shift register. (A latch is not used since Port
8 will maintain the display command levels at the shift register
until another output operation occurs at Port 8,) Port 9 then loads
the command shift register with the "Load Command" signal (LDCMD =
H'10'). Finally the signal SEND (H'02') is given by Port 9 to generate
a 2,4 microsecond synchronization pulse, SEND also activates the
shift clock and transmit clock which clock out the display address and
command serially from the address and command shift registers. A RESET

signal (H'Ol') sent by Port 9 resets all logic on the board to await
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the next command initiation. The zero bits are physically separated
from the one bits by several gates and an inverter when they leave 1/0
Board 5 so that they can be combined by the I/0 Board 4 line driver. A
summary of the logic signals sent to I/O Board 5 is shown below:

Port 8:

(1) Display Addresses:

H'01' ADHARD Printer
H'08' ADSOFT CRT

(2) Display Commands:

(a) Printer:
H'08' HARDLMJ Start printer
H'00' HARDFIL Fill line with blanks
H'03' HARDADV Advance paper one line
H'OF' HARDCUT Cut paper
H'37' HARDOFF Clear/shut-off printer
(b) CRT:
H'06' SOFTEN Enable CRT
H'03' SOFTDSB Disable CRT
H'01' SOFTERS Erase CRT
H'02' SOFTRSY Reset Y axis counter
H'04' SOFTINY Increment Y axis

b. Port 9:
H'01' RESET Resets logic on board
H'02' SEND Generates synch. and bit stream
H'10' IDCMD  Loads display command
H'08' LDADDR Loads display address

27
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Proper generation of the serial bit stream requires a precise timing Pl
sequence, which is controlled by the clocks on this board. A detailed P e
\
X

discussion of this timing can be found in Keverian's thesis (4).
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3. The VTIC Board selects and sets the optimum voltage Leadl
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threshold level for digitizing CCD pixel content into either black or
white. QSET2 passes an initial 1level via Ports 12 and 13 to a
digital-to-analog converter. The converter, in conjunction with three
OPAMPS, converts the level to a scaled value in the range of 5.14 to
6.16 volts in increments of 1 millivolt per digital step. Two
comparators convert the CCD pixel content to logic 1 or 0 (black or
white) depending on the threshold voltage applied to the comparators.
The number of black-to-white transitions in a CCD line at the current
threshold level are counted by two digital counters. This count is
sent to the F-8 by Ports 10 and 11. QSET2 compares this transition
count to the current maximum, After 28 CCD scan lines are checked, the
threshold 1level is fixed and the function of the board is complete.
The transition counters are reset by bit 7 of Port 13 while the
correct threshold 1level is maintained for the remainder of a scanned
page by all eight bits of Port 12 and bits 0 and 1 of Port 13,
D. PORT UTILIZATION

The scanner application requires the use of eight F-8 1/0
Ports (and one internal F-8 Port). This requirement calls for careful
consideration in wmoving from an F-8 controlled system to a
microprocessor controlled system, since most microprocessors cannot

provide this capability without a number of support chips. The purpose

N
AN S

of this section 1is to delineate the current port utilization scheme

and to discuss options for combining the functions of these ports as a




Table 2.1 - Summary of I/O Port Control Transactions Between F-8 and Scanner

SEQUENCE OF PORT OPERATIONS IN SCANNER CONTROL

ACTION

Reset display oommand generator logic on
I/0 Board 5

Enable transmission of display commands through
1/0 Board 4

Enable Port 4 to sense logic on I/0 Board 4
Look for push of start button

Check "Normal/DOS4" switch for normal operation
Check for release of start button

Check "Hard/Soft" switch for selecting display
Put display address on I/0 Board 5

Load address into latches and shift register on
1/0 Board 5

Put display command on command shift register on
1/0 Board 5

Load display command into shift register on 1/0
Board 5

Generate SEND to transmit synchronization pulse,
display address, and display command serially

Look for beginning, then end, of a CCD line
via 1/0 Board 4

Check "Automatic/Freeze Threshold"” switch and start
subroutine QSET2

Clear black-to-white transition counters on
VIC Board

Put current threshold level on VIC Board

30

PORT

9 (Out)

5 (Out)

5 (Out)
4 (In)
0 (Int)
4 (In)
0 (Int)
8 (Out)

9 (Out)

8 (Out)

9 (Out)

9 (Out)

4 (In)

o

(Int)

13 (Out)

12 and
13 (Out)
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Table 2.1 - Summary of 1/0 Port Control Tramnsactions Between F-8 and
Scanner (Cont.)

Input transition count from CCD line and compare 10 and
against current maximum 11 (In)
Set final threshold level on VIC Board 12 and
13 (Out)
Open transmission line to display commands via 5 (Out)
1/0 Board 4
Start printer or CRT using XMITS subroutine 8 and
9 (Out)
Open transmission line to CCD line data via 5 (Out)
1/0 Board 4
Enable Port 4 to sense logic on I/0 Board 4 5 (Out)
Look for end of CCD line (PRINTLINE) in order to 4 (In)

stop printing

Close transmission line to CCD data and open it to 5 (Out)
display command

Advance display by one line using XMITS subroutine 8 and

9 (Out)
Check "Infinite/Normal Lines" switch for normal 0 (Int)
operation
Shut off printer/CRT after 1700 CCD lines using 8 and
XMITS subroutine; program then resets 9 (Out)
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basis for a more efficient controller architecture. Table 2.1 provides
a summary of the logic functions performed by the F-8 ports for
scanner operation as discussed in the previous sections.

The F-8 Ports are connected to the scanner hardware on a
bit-by-bit basis. F-8 port lines are non-tri-state, bidirectional in
nature which makes it impractical to tie both output and input lines
to the same bit directly. This lack of buffering of input from output
is part of the reason why so many ports are used in the scanner
application. As mentioned previously, some of the ports are not used
to their capacity; for example I/0 Board 4 uses only three out of
eight bits from Port 5 and only two out of eight bits from Port 4. A
more efficient allocation would be to break the port into two 4-bit
ports; however, this cannot be accomplished without additional
external components since an input or output instruction affects all
eight bits of the port, Table 2.2 breaks out the F-8 ports used by the
scanner, As it stands, this table indicates that an arrangement
consisting of five 4-bit ports and four 8-bit ports would be more

efficient in terms of bits used compared to bits allocated.

Table 2.2 - F-8 Port Allocation for Scanner Application

PORT AND NUMBER OF CONNECTED
USE BITS USED 10
0 (Input) 4 F-8 Front Panel (Internal)
4 (Input) 2 1/0 Board 4
5 (Output) 3 1/0 Board 4
32
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8 (Output) 8 I/0 Board 5
9 (Output) 4 I/0 Board 5
10 (Input) 8 VIC Board
11 (Input) 8 VIC Board
12 (Output) 8 VIC Board
13 (Output) 3 VIC Board
TOTAL PORTS TOTAL OUTPUT INPUT
USED BITS USED BITS BITS
9 48 26 22

A number of options are available for a more efficient port
scheme, Before any particular microprocessor was considered for use in
the dedicated controller, some port reduction possibilities were
studied that were compatible with the F-=-8 architecture., Each
alternative was evaluated in terms of the hardware and software
complexity 4it would add to the scanner system. The results are
presented below.

1. Use of a Programmable Interface. A programmable interface

device can be wused to combine ports. A number of programmable
interface devices are available from different manufacturers; some can
only be used with a computer of similar architecture, while others are
universal in application. A programmable interface normally has some
type of a data bus and control signals as interface to the computer
and several ports which can be used as inputs or outputs or both. For

example, if such a device were used with the F-8, one F-8 8-bit port
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would provide data transfer by connecting it to the device data bus,
while several pins of another F-8 port would provide control. In this
manner, three or four ports (depending on the device) are achievable
by using only two ports, This is illustrated in Figure 2.6. Here three
ports are used, one for control and two for data transfer, to obtain
six ports. Some programmable interfaces also have 4-bit port optioms.
In using a peripheral interface additional software must be used, as
compared to a direct port interface, in order to tell the device which

interface port to write data to or read data from.

2. Expanding Outputs. One method of expanding output ports is

shown in Figure 2.7. Dual 4~bit latches are tied to the bits of a data
transfer port. Another port is used to select and enable the
appropriate 1latch. As shown, up to 28 output lines can be realized by
using two ports; more output 1lines can be realized by additional
hardware, As with the previous scheme, additional instructions are
needed by the control port, and output port instructions must be
wodified into latch instructions. All required output bits (26) needed
for the scanner can be obtained in this manner; i.e., the functions of
F-8 Ports 5, 8, 9, 12, and 13 could be combined into two ports,
Additionally, the latches can be used as either 4-bit or 8-bit output
ports.

3. Combining Inputs. All input lines of the scanner can be

combined into two ports in a manner complementary to expanding

. v

-

man. 1A
'. l..‘: v -
#:r 12 k
5 [ =
APy 4l4 N
,}l'l’ .
ﬁ"r’.“ bo 42 %% * "

s
000X

v
A

»

s
4
M .

.\1..\-._'.\.
outputs., Again, only a control port and data transfer port are 'j.:;_\}-.:_::{‘-
S
required. Instead of latches, input multiplexers are used. Eight %:ﬂgikﬁ:
DA\ S Nk
16-input line multiplexers can provide eight 8-bit input ports, o . B
4. Simultaneous Expansion/Combining of Outputs/Inputs, This :;fﬁfi;
3% R

v m

e T e e PR PO ;; DR GO i




|2 _Data Port

NS

Control Port

COMPUTER

*" e W ¥ ¥ oINS

A

Programmablg

Interface

>

—
=

(::; Data Port

Interface

rogrammable

Interface

| % Ports Sa\

S

(=

Fig, 2.6 Use of a Programmable Interface

COMPUTER

Select Port

Data Port

.

"o TTHEE Y & ¢V v V. °

‘»

¢ T Y. A %

A Y M)

Latch Latch

Latch

Latch Latch

C I .. T

T T

PR
......

PRANL P SN PR VK P V. AL g

4-Bit Ports

T 7

Fig. 2.7 Expanding Outputs

7T 11T

......
o W Ve .

w
NS,
g
A AN
A SN
';'."' )y '\ :
AAnNNM
ralali




IR0 P 4 et e A A et ek el i e a A eh A e B e s 2 e 4l e e s s 0

Lam ot o

P bt e w5

Y

e el FRE N ST S P aae e .

alternative uses tri-state buffers for input/output. As before, a data
transfer and control port are needed to select appropriate buffers and
control direction of data flow. Although it uses less hardware than

options 2 or 3, software modifications required are more complex.

0f the above four port combination alternatives investigated,
the use of a programmable interface appeared most promising. Only two
chips are needed to combine all F-8 ports into a four F-8 port
arrangement for the scanmer application. The hardware interfacing and
addition of control instructions can be straightforward with the
proper device, Additionally, this number of ports (4) is on the order
of those available with microprocessors. The following chapters pursue

the implications of scanner interfacing in greater detail.
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CHAPTER 3

MICROPROCESSOR ANALYSIS

A. GENERAL

The concept of substituting a dedicated controller in lieu of
the F-8 in the scanner application required an investigation of
. options. A microprocessor-based configuration was quickly chosen over
a strict hardware (transistor-transistor logic) configuration,
! primarily because a microprocessor has programming flexibility, lower

- chip count, and simpler connections. Choice of an appropriate

microprocessor required a further investigation of features available
in light of the dedicated controller requirements. Trade-offs among
various microprocessors were also considered. This analysis was made
before a detailed design was attempted. At the outset, the scope of
possible choices was narrowed to 8-bit devices since the F-8 is an
8-bit machine and it was clear that an 8-bit chip was capable of doing

the job. Also the characteristics and applications of 8-bit devices

are well documented, and support chips are widely available. The
microprocessors evaluated here were considered either because of .ﬁa%?*;;,
their compatibility with, or similarity to, the F-8 architecture, or ;:iQ;Efi
their popularity and availability. Although ultimately, any of the }xﬂfii;i}

microprocessors discussed here probably could be used, the final

U
)
A

D'. .l.‘

A

choice resulted in an architecture which allowed a straightforward

A, &
»

B i

transition from the F-8 to the dedicated controller.
B. CONTROLLER CRITERIA

Some of the salient considerations in the controller design
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were outlined in Chapter 1. To reiterate, the main goal was to find a

simple design, that 18, an ability to transfer the essence of the
P-8/scanner interface into a dedicated controller with minimum system
reconfiguration. This goal, when considered along with the results of
the F-8/scanner interface analysis (Chapter 2), led to the following
list of essential and desirable features which served as criteria
against which microprocessors could be judged.

l. Essential Features:

a. The microprocessor amnd supporting chips must
combine the functions of the nine ports (eight I/0 and one internal)
used by the F-8 into a lesser number of ports consistent with the port
capacity of the given microprocessor.

b. A clear-cut method had to be devised for switching
back and forth between the dedicated controller and F=8 in order to
support further research with the scanner. This represented a special
constraint associated with the laboratory environment.

C. The microprocesor had to be capable of executing
instructions within time constraints, as outlined in Chapter 2, In
particular, automatic thresholding and the sequence of display
commands had to execute within the 900-microsecond idle time between
clockout of CCD lines,

d. An EPROM (Erasable Programmable Read-Only Memory)
based memory for the controller was considered to be an essential
feature in order to accommodate future program improvements in the
laboratory setting. EOPS2 requires about 800x8-bits of memory; hence,

a standard 2Kx8-bit EPROM was considered to be more than adequate for

holding the dedicated controller program,
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e. As a minimum, an interface between the controller
and operator was needed with the capability to start and stop the
control program, to choose between automatic or frozen thresholding of
the CCD line data, and to choose between hard or soft display.

2, Desirable Features:

a. A need for a relatively low chip count derived
from a desire for a relatively simple port interface and simple
circuit connections.

b. Low cost was considered desirable, but not the
most important criterion. The goal was to keep the total cost of the
microprocessor, support chips, and additional hardware needed for the
controller and scanner modifications on the order of several hundred
dollars.

C. A requirement existed for consideration of data
compression schemes. Two proposed schemes are being studied for
implementation at a later date. This requirement translated into an
expansion capability as well as some flexibility for incorporating
compression into the dedicated controller/scanner system in the
future,

d. Additional operator interface features were
needed., Involved here are a capability for threshold monitoring,
manual threshold loading, and choice of normal page or infinite CCD
lines (for scanner adjustment).

These criteria provided a suitable point of departure for
comparing and judging the microprocessors analyzed below.
C. DESCRIPTION OF MICROPROCESSORS

The following microprocessor series were candidates for use in
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the controller: the Fairchild F-8 series; the MOSTEK 3870 series; the
Intel 8085 series and 8048 series; and Zilog 280 series. The Fairchild
and MOSTEK series were candidates because of their instruction

compatability with the F=8. The Intel 8048 series was considered since

it has an architecture similar to the F-8 series, The Intel 8085 and
Zilog series were attractive because of their versatility and the wide

availability of support chips. The subsequent discussion focuses on
_ the distinguishing features of each, with emphasis on those items

which are relevant to the controller application.

l. The Fairchild F-8 Series. An appropriate microprocessor

series to start with is the Fairchild F-8 series. Previously, the F-8
Mark I1I Formulator microcomputer used in the 1laboratory has been
referred to simply as "the F-8", Theoretically, it is possible to pull
apart the F-8 Formulator and reconfigure the components to yield a

compact, dedicated F-8 controller. In practice, it would be necessary

to replicate only those features necessary for scanner control.

The heart of the F-8 series is the 3850 Central Processing
Unit (CPU). The 3850 includes an arithmetic and logic unit (ALU),
control wunit and instruction register, bus interface logic, and
accumulator registers. The F-8 logic 1s not functionally distributed
among CPU and support chips, but rather, various functions are
integrated within each chip to minimize support chip count. Any memory
addressing logic must be performed by the memory or a memory interface
chip rather than in the CPU, This eliminates the need for address
lines on the 3850 CPU and instead allows for two 8-bit 1/0 ports. The
arrangement also permits a 64-byte read/write memory (RAM) rather than

requiring that addressing 1logic be contained on the chip. However,




this scheme also prevents connection of the 3850 CPU directly to a

standard memory device; hence, a 3853 Static Memory Interface (SMI)
device is needed between the 3850 and a standard read-only memory
(ROM) or EPROM, whereas a 3852 Dynamic Memory Interface (DMI) is
needed between the 3850 and any off-chip standard read/write memory
(RAM) .

Instead of a standard ROM or EPROM, the 3850 CPU is normally

AN NS

used with the 3851 Program Storage Unit (PSU). The 3851 PSU provides a

ala
.
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1Kx8-bit read-only memory, two 8-bit I/0 ports, a timer, and interrupt

logic. It has its own memory addressing and processing logic which can
interrupt five control lines called ROMC states which are generated by
the 3850. The 3851 PSUs are factory mask programmable only; if several
are used, or 1if one is used with other F-8 peripheral devices, each
must have a specific memory addressing mask to avoid possible memory
contention problems,

Of the remaining support devices, another that is relevant to
a controller application is the 3861 Parallel I/0 device (PIO). The
3861 has the two 8-bit I/0 ports, programmable timer, and interrupt

logic of the 3851 PSU. However, unlike the 3851, the 3861 has no

masked memory.

Some additional features of the 3850 are outlined in Table
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3.1. Section D compares the F-8 series against other devices in a

controller application.
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2, The MOSTEK 3870 Series. The MOSTEK 3870 series is derived
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from the Fairchild F-8 series. Essentially, the MK3870 microprocessor
is an enhanced version of the Fairchild 3850 CPU and 3851 PSU,

combined on a single chip. It uses the F-8 instruction set.
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Table 3.1 Microprocessor Comparison Chart

Fairchild MOSTEK Intel Intel
F-8 (3850) 3870 8048 8085
Technology N Channel N Channel N Channel N Channnel
Isoplanar Ion Si1 Gate Sil Gate
MOS MOS MOS
Clock 1000-2000 500-1000 500 nsec. 320 nsec.
nsec. nsec.
Instruction 2-13 usec. 1-6.5 usec. 2.5 usec. 1.3 usec.
Execution cycle cycle
RAM 64 bytes 64 bytes 64 bytes N/A
Parallel Two 8-bit Four 8- Three 8- 16 Bits
1/0 Ports bit Ports bit Ports Addr.&
Data Bus
Type 1/0 Non~buffer. True Bi- True Bi-~ Tri-State
Bidirect. direction. direction.
Expandable Yes Limited Limited Yes
Assembly F-8 F-8 Intel Intel
Language 8048 8080A
8080A
EPROM No Yes Yes No
Version 38P70 8749
Power +5 Vv +5 Vv +5 V +5 Vv
Cost $10.00 $44.00 $6.00 $5.75

Zilog
280

N Channel
Sil Gate
Depl Load

166-500
nsec.

1 usec,
or less

N/A

24 Bits
Addr.&
Data Bus

Tri-State

Yes

Z80 &

Intel

No

+5 Vv

$3.75

e
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Memory-addressing logic is included on the chip. Pertinent features of
the 3870 are shown in Table 3.1. A serial port version of the MK3870
is available, the MK3873, EPROM versions of both the MK3870 and MK3873
are also available; they are the MK38P70 an MK38P73, respectively, and
can accommodate up to 4Kx8-bit standard EPROMs. The MK3870 and MK38P70
have four truly bidirectional 8-bit parallel 1I/0 ports; the MK3873 and
MK38P73 have three 8-bit parallel 1/0 ports, one 5-bit parallel 1I/0
port, and a serial port. A 64~byte scratchpad RAM 18 included on each.
The 3870 series does not include support devices; however it is
possible to use some support devices from other microprocessors,

3. The Intel 8048 Series. The Intel 8048 series is Intel's

approach to providing an F-8 series~like, expandable, low end, low
cost, limited application microprocessor series. The series has its
own specific support chips and a different assembly language from the
other microprocessors discussed. The 8048 series is intended for wuse
in low chip count applications; a 2Kx8-bit version, the 8749, is
available. The 8048 has a 64-~byte on chip RAM and three parallel 8-bit
1/0 ports, one of which (called the bus port) is truly bidirectional.
A support device worth mentioning is the 8243 Input/Output Expander,
which can expand the low~order 4 bits (least significant) of the bus
port into four individually addressable 4-bit I/0 ports. The 8048 can
operate in several modes: Internal Execution Mode - the microprocessor
cannot access external memory - this is the normal mode for operating
in a self contained configuration; Debug Mode ~ allows single stepping
through programs; and Programming and Verify Modes - used for
programming EPROMs in EPROM versions of the chip and for verifying

memory content. Some additional characteristics of the series are
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shown in Table 3.1,

4, The Intel 8085 Series. The Intel 8085 series represents

Intel's enhancement of the Intel 8080A series; the 8080A is probably
the most widely known 8-bit microprocessor. More support devices are
available for the Intel 8080A/8085 series than for any other
microprocessor series. The 8085 incorporates clock logic and bus
interface logic onto the chip and has a single +5 volt d.c., power
supply. All input, output, read, and write functions are performed
using data bus/address bus 1lines and control signals comnected to
peripheral devices. The 8085 series uses the B8080A instruction set
with minor exceptions.

Some useful peripheral chips exist in the 8080A/8085 series
for the controller application. The 8255A Programmable Peripheral
Interface (PPI) gives a capability for achieving three 8-bit 1/0
ports, or two 8-bit I/0 ports and two 4-bit 1/0 ports, from an 8~bit
data port and some control lines from a microprocessor. The 8755A
2Kx8-bit EPROM with two 8-bit 1/0 ports combines an EPROM and port
expansion capability into a single chip. Also, a device with two 8~bit
1/0 ports and one 6-bit I/0 port and timer along with 256 bytes of

static read/vrite memory (RAM) is available, the 8155.

5. The Zilog 280 Series. The Zilog 280 microprocessor
represents Zilog's enhancement of the Intel 8080A, In some respects,
it is similar to the Intel 8085. It includes all 8080A instructions as
a subset of its wmore powerful instruction set. The Z80 can use the
same support devices as the Intel 8080A and 8085 series; 1like the

8085, the Z80 has bus and clock logic incorporated into one chip.
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Versions of the 280 can operate at speeds much higher than most other
microprocesors. Like the 8080A, all I/0 and read/write functions are

executed using 16 address 1lines, 8 data-bus lines, and control

@ e e & a' ¥

signals. The 280 series has a few support chips, including the
Z80A-PIO0 Parallel I/0 device, which can be used to interface the Z80
with devices not having the 8080A/8085/Z80 architecture; and the
Z80A-DMA direct memory access controller, which can be used to convert
serial data to parallel data and vice versa. Other characteristics of
the Z80 are shown in Table 3.1,

D. COMPARATIVE ARCHITECTURES

Theoretically, it is feasible to physically implement the

dedicated controller using any of the five microprocessors listed in
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the previous section. This section proposes one possible controller
architecture for each microprocessor type. Although other potential
configurations can be found, those described here reflect an attempt
to meet the general system requirements for memory and port interface.
Configur;tions which use the F-8 series, MK3870 series, Intel 8048
- series, Intel 8085 series, and Z80 series microprocessors in the
- scanner application are shown in Figures 3.1 through 3.5,

respectively, and will be described below. These figures only show

N general functional interfaces between the microprocessors and the
.
- scanner, but mnot specific connections, The figures do not show
specific port wutilizations but rather attempt to show how an
i acceptable port capacity can be attained (in terms of scanner control
- requirements) with available support chips. A brief discussion and
- some comparative advantages/disadvantages of each scheme follows.
: 1. The F-8 Series Based Configuration (Fig. 3.1). This
¥ 45
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scheme uses the 3850 CPU to achieve two 8-bit I/0 ports and three 3861
PI0s to obtain six additional 8-bit I/0 ports. Memory consists of a
standard 2716 2Kx8-bit EPROM and a 64-byte RAM on the 3850, A 3853 SMI
is needed to interface the EPROM to the CPU. Additional port capacity
can be achieved by adding more 386ls or other peripheral devices., The
primary advantages offered by this scheme over the other
microprocessor configurations are:

a. The EOPS2 control program can be transferred
essentially intact into the EPROM for implementation., Only minor
program changes are required in going from the F~8 Formulator hardware
to the dedicated controller.

b. The 3850 architecture can support additional
functions readily. Functional expansion capability is invaluable for
any significant changes or additions to the scanner system,

Some disavantages of this scheme, compared to the four others,
include:

a. It i1s the only configuration requiring an
additional chip (3853 SMI) for interfacing the EPROM to the CPU,

b. The 3850 CPU 1is slower than the other
microprocessors, which limits its use in expanded applications,

2. The MOSTEK 3870 Series Configuration (Fig. 3.2). An

MK38P70 1is used together with two Intel 8255A PPIs to achieve five
8-bit I/0 ports and four 4~bit I/0 ports; two 8-bit ports of the 38P70
are used for data transfer to the PPIs and one 8-bit port of the 38P70
is used to control 1/0 transfers between the 38P70 and the PPlIs,
Memory consists of a standard 2Kx8-bit 2716 EPROM mounted directly on

the 38P70 and a 64~byte on chip RAM. This concept has the following
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advantages over the other schemes:

a. Again, the EOPS2 program can be used essentially
intact. The 38P70 uses F-8 assembly language; however, use of the PPIs
requires additional instructions as compared to the F-8 configuration
above.

b. Use of the PPIs gives a more efficient matching to
the scanner port interface requirements than some of the other schemes
because of the 4-bit port capability of the PPIs.

c. A lower chip count is achieved as compared to the
F-8 and Z80 configurations.

d. The EPROM is conveniently mounted on the MK38P70,
which reduces circuit connections,

e. A serial port capability can be realized by
substituting a MK38P73 for the MK38P70.
A few disadvantages are:

a. Expansion capability, as compared to the F-8,
8085, and 280 series, is limited,

b. Only 64 bytes of RAM are avilable, with no
possibility for expansion,

c. The cost of the MK38P70 is much higher than that
of the other microprocessors.

3. The Intel 8048 Series (Fig 3.3). An 8749 (2Kx8-bit EPROM

version of the 8048) microprocessor is used with an 8255A PPI and 8243
1/0 Expander to achieve four 8-bit 1/0 ports and four 4-bit I/0 ports
(one less than required). Memory consists of a 2716 2Kx8-bit EPROM
mounted on the 8749 and a 64-byte on~chip RAM, This configuration is

very similar to the MK38P70 one disussed above. Some advantages of
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this scheme include:

a. The multiple operating modes of the 8749 give
greater flexibility in programming and testing the controller as
compared to any of the other schemes.

b. Complex addressing is not required, and on~-chip
RAM 18 available, so chip count is low, as with the MK38P70 and F-8
schemes, This is the main advantage over the 8085 and ZB0 series.

Some disadvantages include:

a. The non-standard instruction set requires special
consideration. Software development would require acquisition of
programming tools not presently available in the laboratory.

b. As shown, the port interface requirement is not
met. Three 8255As are needed to meet the port requirements fnlieu of
the 8243 and 8255A shown. Otherwise, a hardware modification to the
scanner is needed in order to use the 8243,

4, The Intel 8085 Configuration (Fig 3.4). This configuration

uses the 8085 CPU with some peripherals capable of providing both
memory and I/0 capability. The 8755A 2Kx8~bit EPROM with I/O0 and two
8155 Static RAM with 1/0 give six 8-bit I/0 ports and two 6-bit I/0
ports and provide for all memory requirements, Separate data and
address buses are required. Advantages of using this architecture over
the other four are:

a. The 8755A is a self contained device. This results
in lower chip count since a separate EPROM is not needed. Also, use of
a separate EPROM programmng circuit is not required.

b. All devices have tri-state I1/0 1lines which

eliminates the need to buffer input and output connections to ports.
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This suggests that inputs and outputs might be combined on the same
bit, thus further reducing the chip count shown to yield the lowest
chip count of any configuration.

c. The configuration is readily expandable.

The disadvantages of using this chip as opposed to the others include:

a. A pon-F-8 assembly language is used, which
requires attention to timing considerations when writing the control
program,

b. Separate data and address 1lines are |used,
requiring more connections and a different programming approach as
compared to the F-8-like architectures.

c. There is no significant RAM residing on the CPU.

5. The Zilog 280 Configuration (Fig 3.6). The Z80 also

requires separate address and data lines. Three 8255A PPIs are needed
to achieve six 8-bit I/0 ports and six 4-bit I/0 ports. A standard
2716 2Kx8 bit EPROM provides program memory; however, a separate chip
is needed for RAM, Advantages of wusing this 280 configuration as
opposed to the others are:

a. The 280 has the most powerful and versatile
instruction set. More programming flexibility is available compared to
the other microprocessors, which would be significant if additional
functions are ever incorporated into the controller.

b. Instruction execution using the Z80 is faster than
that of the other microprocessors.

c. The ZBO configuration is readily expandable.

Among the disadvantages, compared to the other schemes, are:

a. A separate RAM chip is needed.
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b. A higher chip count is required than some of the
other configurations,

c. Separate address and data lines are used, as in the
8085 scheme,
E., FINAL SELECTION

The preceding sections outlined some of the features and

O e e

: capabilities of five microprocessor types and suggested possible
controller architectures using each type. The architectures provided a
basis for comparing the types against one another for use in the
controller application., After the advantages and disadvantages of each
configuration were weighed against each other and against the

3 requirements for the controller, one configuration, the MK38P70, was

chosen as the basis for final design. The MK38P70 was selected over

the others for the following reasons:

1. Available 1laboratory facilities made possible the
immediate development, testing, and implementation of the coatroller,
The F-8 assembly language used by the 38P70 suggested that the F-8
Formulator would be a useful means to emulate and test the controller

configuration. This would also be true for the F-8 (3850)

configuration; however, some additional advantages of the MK38P70 over

the F-8, to reiterate, are:
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a. A memory interface chip is not needed. f"?f’ﬁ“xf
b. The convenience of an on-chip EPROM socket and

capability to interface with a readily available support chip (8255A

»
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PP1) provide a "better f£fit" than the 3850 for the controller ??5

architecture.
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3850, and a serial port can be obtained by substituting an MK38P73 for
the MK38P70., These options may prove more useful in accommodating
future system modifications than would be possible with the 3850
architecture.

2. The configuration offered an optimal port interface in
terms of numbers of 8-bit and 4-bit ports while leaving a very limited
expansion capability.

3. The control program could be written in the F-8 assembly
language.

4, Separate data and address lines were not needed, which
simplified connections.

At the outset of this research, it was recognized that wusing
any microprocessor with an EPROM memory required a language
compatible programming capability. A programming circuit was not
available for F-8 assembly language as required by the MK38P70.
Fortunately, Lin (5) devised an EPROM programmer that works directly
from the #-8 Formulator. In addition, he wrote an 8080A/8085/280
asgembler program that allowed 8080A/8085/Z80 assembly program

instructions to be written using the F-8 Formulator and converted into

correct source code. These developments permitted program writing and
EPROM programming for all series of devices analyzed above, with the
exception of the Intel 8048 series.

In summary, the MOSTEK 38P70 microprocessor was judged to be
the most attractive for meeting the system criteria and was the one
selected for the design. The next chapter describes the detailed

design of the MK38P70-based controller.
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CHAPTER 4

CONTROLLER DESIGN

A, GENERAL

This chapter describes the details of the circuitry and
~oftware used in the implementation of the dedicated microprocessor
controller, A general description of the controller and its interfaces
to the rest of the scanner system is given first as an overview,
followed by a detailed discussion of the port interface used., The
threshold monitor and adjust circuit is discussed separately, since
that circuit is modular, that is, 1t can be added or removed without
affecting basic scanner functions. A brief discussion of some required
scanner modifications is followed by an inquiry into data compression
requirements as a basis for future research, A detailed listing of
the microprocessor software (MEOSC - Microprocessor Electro-Optical
Scanner Control Program) is given in Appendix B, and Manufacturer's
Data for hardware is contained in Appendix C,
B, CONTROLLER DESCRIPTION

Figure 4.1 shows the MK38P70 based scanner system, In a
comparison of this system with the F-8 Formulator based system (Fig.
1.1), several differences are obvious. The peripherals associated with
the F-8 (video console and floppy disk) are not used. However, a
threshold monitor and adjust circuit board has been 1inserted in the
MK38P70 version as a separate package from the controller circuit
board. A new port numbering scheme is used with the MK38P70 system

because of the nature of the port interface. From the Figures 1.1 and
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4,1 it is apparent that the essential structure of the scanner system
has been ©preserved in implementing microprocessor control,
Nevertheless, a subtle difference, not shown explicitly, exists., In
the F-8 system, operator controls and threshold wmonitoring are
distributed among the video console, Formulator front panel, and
scanner control panel. In the MK38P70 based system all operator
functions are consolidated onto the scanner control panel,

A block diagram of the MK38P70 controller board is shown in
Figure 4.2. 7The scanner control program resides on the 2716 2Kx8-bit
EPROM (IC #4), which is mounted directly on the MK38P70 (IC #1). A 2.0
MHz crystal provides a 1,0 MHz internal clock for the CPU after a
divide-by-two operation. The MK38P70 has four 8-bit 1I/0 ports which
have been numbered by the manufacturer as Ports 0, 1, 4, and 5. Port 4
is used to control the 1/0 data transfers between the MK38P70 and the
8255A Programmable Peripheral Interface (PPI) devices (ICs #2 and #3).
Ports 0 and 5 of the MK38P70 are used to transfer data both to and
from the 8255As, Basically, Port 4 selects a PPI and a port on the PPI
and tells the PPI whether an input or output operation 1is to take
place. During input, data are read in from the selected PPI port pins,
through the PPI, through the MK38P70 Port O or 5 pins, and into the
microprocessor. During output, data are written from the MK38P70,
through the data port (0 or 5) and PPI, to the selected PPI port. The
8255A PPIs have been configured such that each provides two 8-bit
ports, Ports A and B, and two 4-bit ports, Port C Lower (CL) and C
Upper (CU). The PPl is programmed for Mode 0, which means that each
PP1 port can only be used as an input or an output port, not both.

It 1s possible to rearrange MK38P70 and PPI ports to derive a
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Fig, 4.2 MK38P70 Controller Block Diagram
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different interface arrangement. Although this implies that the
connections are arbitrary, in reality, several factors were involved
in arriving at the arrangement depicted in Figure 4.2:

1. Use of 4-bit PPI ports was sufficient to replace Ports &4,
5, and 13 of the F-8 controller, as well as the internal F-8 port
(Port 0 - F-8 panel sense switches).

2, Interchangeablity was sought between the F-8 and the
MK38P70 controllers. This meant only that similar ports were
substituted, i.e., 8~bit ports for 8-bit ports and &4-bit ports for
smaller ports, The port connections were arranged so that the two
44-pin connectors that interfaced the scanner to the F~8 could be used
to 1interface the scanner to the microprocessor controller. Some
rearrangement of port bits was required; this factor had no
significant effect on the port arrangement but required some minor
gsoftware modifications.

3. During testing, it was found that using a PPI port in
lieu of F-8 Port 9 did not meet the timing requirements. The reason is
that I/0 operations using the PPI ports require additional program
instructions. Therefore, the MK38P70‘Port 1 (upper four bits) had to
be used to replace F-8 Port 9.

4. Future modifications or additions to the controller may
require a serial port capability. If so, a serial port capability
could be achieved by substituting an MK38P73 for the MK38P70. The
only difference between the two devices is that the serial port of the
MK38P73 uses three pins which are in the three least sigificant bit
positions of the MK38P70 Port 1. Therefore, the lower four bits of the

MK38P70 are not used but are reserved in order to enhance substitution
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of the microprocessors. Appendix C shows the pin assignments for both

microprocessors.

Photographs of the MK38P70 based scanner system and the
MK38P70 controller circuit board are shown in Figures 4.3 and 4.4,
respectively. These pictures indicate the physical arrangement of the
components discussed above. The F-8 and the video console, which are
not required in the MK38P70 configuration, are visible at the
right-hand side of Figure 4.3. The MK38P70 controller was placed on
two circuit boards in order to facilitate interchangeability with the
F-8 by means of the 44-pin connectors. The controller circuit and
threshold monitor and adjust circuit are both mounted in the circuit
board rack behind the scanner control panel.
C. CONTROLLER SOFIWARE CONSIDERATIONS AND THE 8255A PPI

Crucial to a workable interface between the MK38P70 and the
scanner was the need to devise a scheme to control the flow of 1/0
operations through the two 8255A PPIs, This section includes a
functional description of the 8255A and the scheme that was used to
translate 8255A commands into the additional program instructions
needed to transform the F=-8 EOPS2 control program into the MK38P70
control program (MEOSC).

The 8255A PPI is a general purpose 1/0 device that provides 24
1/0 pins, The 1/0 pins may be configured to operate in several modes;
mode O was chosen since this is the only mode in which Port C can be
used as two distinct 4-bit ports. Mode 0, then, provides for two 8-bit
ports (A and B) and two 4-bit ports (CL and CU). Figure 4.5 shows the
decode logic of the PPI and Figure 4.6 shows the signals and pin

assignments. The decode logic diagram shows that the device select
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TS| A1 ] AD Selected
0 0 0 1/0 Port A
0 0 1 1/Q Port B
0 1 0 1/0 Port C
0 1 1 A Control. write-only buffer
1 X X 8255 not selected

Fig. 4.5 8255A PP1 Decode Logic

PA} wfeipd 1 40 feutp—ii- PAS
PA? catpe—ppd 2 39 Lesp—t~ PAS
PAl oty 3 38 festemi= PAG
PAQ ] 4 37 ety PA7 .
AD ] 5 36 WR
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AD 9 32 Leag—tn= D2
] :: 10 8255 3 fg—a D3
PCE eap—ed '} PP 0 Jetifmgpe- D4
[ o1 P - 12 29 g 05
PCY i I 28 L D6
PCO o] 14 27 Lett—ge- D7
PCH pea—— 15 6 e VCC
PC gl 16 25 | g PB7
PC3 17 2 | g P86
PBO 19 23 lestg- PBS
PBY o] 19 22 |t PB4
PE2 4 20 F3] L‘—» P83
PIN NAME DESCRIPTION TYPE
DO - D? Bidirectional Data Bus Bidirections!
PAO - PA7 Eight 1/O pins. designated as Port A Bichrections!
P8O - PB? Eight 1/0 pins, designated as Port B Bidirectional
PCO - PC? Eight 1/0 pins. designated as Port C  Bickrectional
upper and Pt C lower
w0 Read from device control Input
Wh Wite to device control Input
RESET Systemn reset Input
¢S Device select input
AQ.A1Y 1/0 port select Input
Vee.GNO Power and Ground

Fig. 4.6 8255A PPl Signals and Pin Assignments

62

3 oo




o ¥

'y

line of the PPI, E§, must be a logic 0 (LO) in order for the device to

., v,

operate; the logic states of pins Al and A0 determine which port is to

i
2

be selected (A, B, CL, or CU); or, in the case where Al and A0 are

. ,.

-,
't-
¥

both logic 1 (HI), that a program control word is to be passed to the

Y W V.V PR Y. % e e S wmmme » -~

PPI1, Figure 4.6 shows pins DO through D7, the bidirectional data bus;

these 1lines are connected to Port 0 (8255A #1) and Port 5 (8255A #2)

Y,

of the MK38P70. The PPI port pins (PAO - PA7, PBO - PB7, PCO -~ PC7)

are connected to the scanner hardware by means of the two 44-pin

Chianin ¢

connectors (refer to Figure 4,2), The remaining pins (except Vec and
GND) are tied to control signals. Putting RESET HI resets the 8255A;
pulling RD LO inputs data from the selected PPI port to the data bus;
pulling EE LO outputs data from the data bus to the selected port.

Before any I/0 operations can occur, the mode and port scheme (for

example, Port A = Output, Port B = Input, Port CL = Input, Port CU =

LA

e v

MY »‘ .

Output) must be programmed into the PPI, A PPI port will remain either N -

P4 f"v

)

as an 1input or an output port (not both) until the PPI is RESET and

I

reprogrammed. ;;:'
The Eg, A0, Al, EB, ﬁﬁ, and RESET lines of both PPIs are ;i'

connected to Port 4 (control port) of the MK38P70. The bit assignments e
are: '
MK38P70 Port 4 Bit #: 7 6 5 _4 3 2 1 0
PPI Control Signal: N/A RESET CS#2 CS#1 RD WR Al A0
In order to RESET the PPIs, the MK38P70 outputs H'00' over its Port
4; since the MK38P70 uses inverted logic (1 = LO, O = HI), this pulls

all pins HI, Next, it is necessary to tell each PPI which ports are to

be used for input or output. PPI "control" must be written to, not a

port. Control addresses are generated over Port 4 as follows:
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t MK38P70 Port 4 Bit#: 7 6 5 4 3 2 1 0 e
PPI Control Signal:  N/A RESET CS#2 CS#1 RD WR Al A0

¥
.

8255A #1 Control=H'50': HI LO HI LO HI HI HI HI

8255A #2 Control=H'60': HI LO LO HI HI HI HI HI

W B T, W "

5 In order to perform an output operation, WR must be LO while the data
desired 1is present on the data bus (Port O or 5). In the case of
initialization, the data consists of an 8-~bit word wl.ich contains the
mode and port designation. The control word used for 8255A #1 is
H'7C', and for 8255A #2, H'6E'. (More detail concerning control words
can be found in the Manufacturer's Data, Appendix C.) These control
words are output on MK38P70 Ports 0 and 5, respectively. The WR must
be pulled HI again to complete the output operation. After the control
word is written, further I/0 operations may be performed. In summary,
the sequence of commands to 1initialize the PPIg, in F-8 assembly

language, is:

F-8 Assemby
Language Remarks
LI H'00' RESET both 8255As
OUTS 4
LI H'S4' Initialize 8255A #1
OUTS 4 (WR pin LO)
LI H'7C' (I/0 Program word)
- oUTS 0 (Data bus #1)
5 LI H'so'
oUTS 4 (WR pin pulled HI)
: L1 H'64' Initialize 8255A #2
OUTS 4 (WR pin LO)
LI H'6R’ (1/0 Program word)
: OUTS 5 (Data bus #2)
- LI H'60'
3 OUTS 4 (WR pin pulled HI)

Instructions are given for other 1/0 operations in a manner

0
% % e,

similar to that outlined above., The following two examples 1illustrate
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the input and output operations:

l. An input operation using Port B of 8255A #1:

LI H'SA' Bitd: 7 6 5 4 3 2 1 0
OUTS 4 Signal NA RS CS2 CS1 RD WR Al A0
INS 0 H'SA'= HI LO HI LO LO HI LO HI

Data will be read into the MK38P70 Port O as long as 8255A #1 Port B

remains selected and the RD pin is held LO,

2. An output operation uasing Port B of 8255A #2:

LI H'66' Bitf: 7 6 5 & 3 2 1 O
ouTs 4 Signal:NA RS CS2 CS1 RD WR Al A0
LI H'42' H'66'= HI LO LO HI HI LO LO HI
oUTs 5

LI H'62' H'62'= HI LO LO HI HI HI LO HI

OouTs

4 )

The above features illustrate the additional instructions

required for 1/0 operations using the PPI, An output operation

compared to two if the operation were

requires six instructions,

executed directly from an MK38P70 port. Also, only two additional

instructions are required for an input operation; however, to maintain

the integrity of the input data, the data bus is cleared of previous

data before an input operation, which represents another instruction,

for a total of three additional instructions. With the exception of

output operations made directly from MK38P70 Port 1, all controller

..........

......

circuit I/0 operations require these additional instructions. A PPI

output operation can take up to 39 microseconds to execute, whereas a

Port 1 output operation only needs 9 microseconds. However, a PPI

input operation takes up to 23 microseconds, whereas an input directly

from an MK38P70 port consumes up to 18 microseconds.
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The most significant difference between EOPS2 and the scanner
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control program for the MK38P70 controller is the inclusion of these

additional PPI instructions. Also, portions of EOPS2 specific to the
peripherals of the F-8 Formulator, such as a jump to DOS4 and console
display of the threshold level, were omitted. A detailed listing of
the MK38P70 scanner control program (MEOSC) is contained in Appendix
B.
D. THE MK38P70 CONTROLLER CIRCUIT

The major components of the MK38P70 controller circuit are the
MK38P70 microprocessor, the two 8255A PPIs, and the 2716 EPROM. The
function of the PPIs has been detailed in Section C above. This
section focuses on the role of the microprocessor and EPROM and the
physical connections used in the circuit.

The salient features of the MK38P70 were presented in Chapter
3. A functional block diagram of the MK38P70 is shown in Figure 4.7
and the pin and signal assignments are shown in PFigure 4.8,
Connections XTL1 and XTL2 are used for an external time base. The
microprocessor can operate with an external clock in the range of 2 to
4 MHz which results in an internal clock operating at half that speed
(1 to 2 MHz). In order to obtain replication of the F-8 Formulator
controlle: imstruction execution times, the same external time base of
2,0 MHz was used for the MK38P70 controller. Replication of
instruction execution times was desirable in order for the MK38P70
controller operation to parallel as closely as possible the F-8
controller operation, and it also allowed use of the F-8 Formulator as
an emulator of the MK38P70 in order to test and debug program
instructions using the PPI interface (discussed further in Chapter 5).

The port connections are labeled P0O~0 through P0-7 (Port 0), Pl-0
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MK38P70 BLOCK DIAGRAM
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Fig. 4.7 MK38P70 Functional Block Diagram
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through P1-7 (Port 1), P4-0 through P4-7 (Port 4), and P5-0 through
P5-7 (Port 5). These ports are normally in a HI state (F-8 1logic 0).
. Port 0 is connected to the data bus of 8255A {1, Port 1 (upper four
bits) is conected to 1/0 Board 5, Port 4 is the control port for the
PPIs, and Port 5 is connected to the data bus of 8255A #2. STROBE is a

ready strobe associated with Port 4 which provides a LO pulse when

Pl )

data are written onto Port 4; it is not used in this application,

RESET is used as an external reset for the microprocessor; when pulled

LO the microprocessor resets; when allowed to return HI program

a8 e A &

execution begins at location H'000'. The MK38P70 also resets to H'000°'
. following power up by means of an internal power-on-reset circuit. An
R~C network recommended by MOSTEK was used for RESET (see Figure
4.11), EXT INT (External Interrupt) allows for external (hardware) or
internal (software) program interrupt and can be used with the timer
N for pulse width measurement and event counting. TEST is only used for
- testing the operation of the MK38P70 and is normally grounded. EXT INT
and TEST are not used in the controller application.

The EPROM connections are located on top of the MK38P70 and
are shown in Figure 4.8, Comparing these connections to those shown in

Figure 4.9, EPROM pin assignment and block diagram, it can be seen

bttt

that Pin 1 of the 2716 corresponds to Pin 3 of the MK38P70 EPROM

AN

. gsocket. The 2716 is an ultra-violet-~light-erasable-programmable
read-only-memory. A program can be written into the EPROM using an
EPROM programming circuit which provides required voltage 1levels and

N timing parameters. As previously stated, Lin (5) designed and

. implemented such a circuit which programs EPROMs using the F-8. A ten
- minute exposure to ultra-violet light erases the program for reuse of
68
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the EPROM. Eleven address pins (A0 - AlQ0) and eight data pins (00-07)
access each of 16384 bits (2Kx8 bits); each bit is programmed with a
logic 0 or 1 and will remain in that state until the current program
residing on the chip is erased. Pin OE (Vss on the MK38P70) is a chip
select and is normally LO when the 2716 is in operation. Vecec is the +5
volt d.c. supply, whereas Vpp requires +25 volts d.c. only while the
program is being burned into the EPROM. CE/PGM performs the dual
functions of power down control and program pulse input used during
programming. Figure 4.10 shows that 2716 EPROM mounted on the MK38P70
will occupy up to the first 2048 bytes of memory (0000 - 2047 or
H'000' -~ H'7FF'), while the RAM on the MK38P70 occupies higher memory
locations.

The components are integrated into the MK38P70 controller as
indicated in the circuit diagram, Figure 4.11. Two 22-pin card
connectors are used for dinterchangeability with the F-8; these
connectors are designated as CN1 and CN2, A 6-pin mylar connector 1is
also used (CN3). CN1 provides all connections to 1/0 Boards 4 and 5.
CN2 provides all connections to the VIC Board, and CN3 provides power
(+5 wvolts d.c.), GND, RESET and three sense switch connections. The
RESET button and sense switches are located on the scanmer control
panel. Rl, Dl, and C2 comprise the R-C reset circuit. C3 is a high
frequency decoupling capacitor which suppresses noise on the Vcec line;
Cl is an additional filter capacitor. IC5 is a 7805 +5 volt d.c.
regulator. Notice that the total number of components for the circuit
is very small. Circuit board layout is shown in Figure 4,12 (note that
one vector board is wused only for i1its 22-pin connector). The

controller has been rack mounted and currently uses a +8 volt d.c.
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external power supply.
E. THRESHOLD MONITOR AND ADJUST CIRCUIT

The scanner system with F-8 c¢ontroller had a means of
monitoring the HEX value cocresponding to the voltage threshold level.
This level determined whether a given CCD pixel would be designated
' black or white. A sequence of program instructions called SHOW in
EOPS2 passed the HEX threshold value to the Zenith console for
display.

An alternative display method was mneeded for the MK38P70
" controller. Besides merely displaying the threshold level, it was
desirable to be able to manually load the threshold 1level. Previous
experiments showed that a manual threshold adjust would in some
instances result in a more aesthetically pleasing hard copy of the
scanned document. This section describes the circuit that was devised
to accomplish both threshold display and threshold adjust.
N The circuit is essentially "in line" with Ports B2 and CU2

from the controller (Figure 4.1)., During an automatic or frozen

g
LA

thresholding scan, thresholding is under software control, and the ten

‘.

lines of Ports B2 and CU2 (corresponding to three HEX characters) feed

k2, e

HI or LO levels from the controller through this circuit unaltered.
i Choosing manual thresholding, however, cuts off the levels from the
controller and instead inserts manually selected levels into the ten
1lines down to the VIC board. Figure 4.13 is the threshold monitor and
. adjust circuit diagram. S1 is a DPDT switch which selects manual or
software thresholding. For software thresholding, AND gates 1, 2, and
3 are enabled and the levels from the controller rass through these

gates and through OR gates 6, 7, and 8. During manual thresholding,

.
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the AND gates are disabled and the levels are fed through the OR gates
by means of hexadecimal switches S2, S$3, and S4. Inverters 4 and 5 are
needed to invert the HEX switch logic (0 = 10, 1 = HI) to F-8
(inverted) logic (0 = HI, 1 = LO), In either case, the levels output
by the OR gates are displayed by means of the hexadecimal displays D1,
D2, and D3. Again inverters (9 and 10) are needed to change 1inverted
logic into the non~inverted logic used by the displays. These displays
have been configured so that they will always follow whatever levels

are on line by grounding the latch strobe inputs (LSI) and blanking

inputs (BI) (see Appendix C). The +5 volt d.c. 7805 regulator (ll),

filter capacitor Cl, switches S1, S2, S$3, and S4, and displays D1, D2,
and D3, are located on the scanner control panel, All other components
are mounted on the circuit board (Figure 4.14).

F. SCANNER MODIFICATIONS

Several minor modifications were made to the scanner to
accommodate the MK38P70 controller:

1. Resistors were placed on I/0 Board 4 between the inputs to
inverters (connected between Port CUl and the 3-to-8 decoder) and
ground. These were required since open collector type inverters had
been used which could not be properly driven by the 8255A PPI,

2., The scanner motor speed required adjustment., Speed had to
be reduced from approximately 425 RPM to 410 RPM, A slower speed was
necessary since an interval slightly greater than 900 microseconds
between CCD lines was needed in order to process added program
instructions. (This point will be further discussed in Chapter 5.)

3. The cable containing Port B2 and CU2 lines was cut for

insertion of the threshold monitor and adjust circuit. Connectors were

R
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R
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Fig. 4.14 Threshold Monitor and Adjust Circuit Board Layout

A
..'."':".' TR A A S
I SR A N "‘_LL\_;‘:A_} ok Al




MM PSSR Brth 2t ‘aid

.

; added such that the cable can be reconnected to bypass the circuit,
This arrangement permits complete reversion to the original F-8

J controller system.

'R Additional components were added to the scanner control

panel, All operator controls are now located here, including three of

the four sense switches originally located on the F-8 Formulator front

panel.

Thus far, all changes made to implement the controller have

been straightforward. Hardware differences between the MK38P70 and F-8

controllers amounted to elimination of the F-8 Formulator and its

peripherals, incorporation of two additional circuit boards into

scanner hardware, additions to the control panel, and the other minor

modifications listed immediately above. Software changes consisted of

elimination of F-8 peripheral peculiar portions of EOPS2 and addition

of I/0 instructions needed for the PPIs, Everything to this point has

been fully implemented; testing and evaluation of this implementation

is the subject of Chapter 5. The following section of this chapter,

however, outlines some considerations for future implementation of

data compression schemes,

G. DATA COMPRESSION CONSIDERATIONS

The scanner system is a local operation, set wup for

experimental purposes in the laboratory. A coaxial cable connects the

scanner to the display interface logic; the data handling capacity of

this line permits near real time operation of the scanner/printer

system, The CCD data bits comprising a scanned line are clocked out

serially at 800 kilobits per second over the coaxial cable. Previous

research has indicated that a practical and cost effective

...................
...............
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transmission system should utilize a 56 kilobit per second leased
telephone 1line (references 2 and 11). Preserving a reasonable

throughput rate in the system wusing such a line requires a data

compression~decompression scheme.
Of interest here is the impact, if any, that inclusion of data

compression would have on the microprocessor controller design. Thus

e o

far, two compression-decompression schemes have been proposed by other

members of the research group, one by Dishop (2), and another by Lin

(5). Dishop's method uses hardware logic to achieve compression using
the B-1 data compression code. CCD data, as well as display commands, %jﬁ“ff?fsf
are compressed and decompressed using this scheme. Lin, on the other
hand, uses a software based scheme capable of using several data
compression codes, but he does not encode display commands. Further
research may indicate additional schemes or modifications to the two
already proposed. In any event, a final compression-decompression
scheme for use with the scanner has not been settled upon. This
precludes a detailed analysis for inclusion of data compression into
the controller. However, Appendix E pursues the influence of the two
proposed schemes on controller design, in the event one or the other
scheme is chosen for final compressor-decompressor design.

The main question in considering the controller along with
data compression is whether the MK38P70 controller would have to be
scrapped. The primary functions now handled by the controller include
automatic thresholding and generation of the display control commands.
1f the compression-decompression scheme chosen allows for a
functionally distributed acanner architecture, all or parts of these

functions can continue to reside on one or more MK38P70s using
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appropriate interfaces. In this case, the MK38P70 would not have to be
removed but additional hardware might be necessary in order to perform
functions associated with compression and decompression. Data
compression functions cannot be directly superimposed onto the
controller; this is because the MK38P70 cannot read in data at a rate

of 800 kilobits per second for prccessing.
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CHAPTER 5

TESTS AND EVALUATION

T RS P T TP e v v v —

A. GENERAL

Implementation of the controller designed 1in Chapter 4

v v s v -

required an ongoing evaluation of the ability of the ecircuit to
perform at least as well as the F-8 controller. Several types of tests
were performed during the course of the research., They were: (1) tests
needed to establish the ability of certain elements to meet

specifications, (2) tests to verify the software programs, and (3)

NS AR ARy s

performance tests of the dedicated microprocessor-based system itself.
The role of these tests in microprocessor design is the subject of
this chapter.
B. PORT INTERFACE TESTING

Prior to an attempt to use the MK38P70 as the scanner control
element, it wa